Fatal shift of signal transduction is an integral part of neuronal differentiation: JNKs realize TNFalpha-mediated apoptosis in neuronlike, but not naive, PC12 cells.
Tumor necrosis factor-alpha (TNFalpha, 10-100 ng/ml) provokes a dramatic cell death in differentiated PC12 cells (dPC12), but it does not affect the viability and the proliferation of naive PC12 cells (nPC12). We have analyzed the molecular alterations of the TNFalpha-signal cascade underlying this developmental switch toward propagation of apoptosis. The transcriptional inhibitor actinomycin D rendered nPC12 responsive for TNFalpha-induced death, but was hardly effective in dPC12, suggesting that TNFalpha evokes its harmful action in dPC12 predominantly by posttranslational modification of existing molecules. This suggestion was supported by the finding that differentiation of PC12 per se went along with the increased expression of the proapoptotic TNFalpha-receptor I (p55) and its adapter protein Traf-2, whereas expression and phosphorylation of the antiapoptotic Akt (PKB) declined. We could demonstrate that the c-Jun N-terminal kinases (JNKs) mediate this enhanced capacity of apoptotic signaling in dPC12. TNFalpha induced in dPC12, but not nPC12, a biphasic activation of JNKs with a rapid transient JNK1 activation and a second persistent activation of JNK1 and JNK2 paralleled by phosphorylation of c-Jun; in contrast, TNFalpha did not activate p38 kinase. Block of JNKs by CEP-11004, a MLK antagonist and subsequently indirect inhibitor of JNK activation, or L-JNK11, a direct peptidergic inhibitor of JNK activity, almost completely rescued dPC12. Summarizing, the NGF-triggered formation of neurites during differentiation of PC12 includes the reinforced propensity for apoptosis, with JNK2 as the effector in JNK3-negative PC12. These findings offer novel insights into the increased risk of neuronal death, which is linked to the potential to regenerate.